Abstract: LAS (Linear Alkylbenzene Sulphonate) shows relatively high aquatic toxicity in hard freshwater or seawater. In this paper, we studied the effect of adsorbent on the aquatic toxicity of LAS in hard freshwater and seawater. Daphnia magna and Artemia salina were used for acute aquatic toxicity test in freshwater and seawater, respectively. Kaolin was used as a model adsorbent and toxic surface tension (g tox ) was used as an indicator of toxic condition. Results showed that the values of g tox of LAS to D. magna and A. salina were about 45-55 mN/m and 35-40 mN/m, respectively. Surface tension of LAS solution decreased and its aquatic toxicity increased with increasing the water hardness or the salinity. By adding adsorbent into the solutions, the surface activity and the aquatic toxicity were decreased greatly, and the effect of water hardness or salinity on surface tension and aquatic toxicity were removed. That is to say, the surface tension curve of soft freshwater corresponds with that of hard freshwater containing adsorbent and the surface tension curve at low salinity corresponds with that obtained for high salinity solutions containing the adsorbent. Therefore, our experimental data leads to the conclusion that the relatively high aquatic toxicity of LAS in concentrated solution of inorganic salts disappears in the presence of adsorbents. This is an important viewpoint in conducting environmental risk assessment of surfactants. (lethal concentration 50%) ; the concentration of a chemical in air or water that kills 50% of the test animals in a given time. **EC 50 (effective concentration 50%, harf maximal effective concentration); the concentration of a chemical where 50% of its maximal effect on the test animals is observed. In a toxicity test with D. magna, the effect means the inhibition of swimming ability.
INTRODUCTION
The relation between surface tension of surfactant solution and the aquatic toxicity has been discussed for a long time [1] [2] [3] [4] . In the previous research 5) , we studied the effect of water hardness and existence of adsorbent on aquatic toxicity of surfactants, and found that the g tox values (surface tension at LC 50 * or EC 50 **) were independent of the surfactant species. By using this parameter, the relation between the aquatic toxicity and the surface activity of a surfactant solution can be explained even if those values are affected greatly by water hardness or existence of adsorbent. These results suggest that acute aquatic toxicity of surfactants can be attributed to their surface activity.
If the interfacial activity of surfactants is the major cause of toxicity, the adsorption of surfactant molecule to living organisms would lead to the appearance of the toxicity. Therefore the aquatic toxicity of surfactants should decrease if some adsorbents exist in the solution, because the possibility for a surfactant molecule to contact a living organism decreases due to its adsorption on the adsorbent instead of a living organism itself 6) . Effect of the adsorption behavior of surfactants on their aquatic toxicity has been studied from several viewpoints [7] [8] [9] [10] .
High aquatic toxicity of LAS tends to be observed in marine organism toxicity tests. Feijtel and Plassche 11) assembled NOEC***(mg/L) of LAS to many aquatic species in their report, according to which NOEC of freshwater organisms is in the range of 0.25-15 mg/L and NOEC of marine organisms is in the range of 0.025-0.21 mg/L as shown in . This means that the toxicity to living organisms is higher in seawater than in freshwater. In our previous study, we showed that aquatic toxicity of LAS also increases greatly with increasing water hardness.
If we assume that the high aquatic toxicity in hard freshwater or seawater is derived from the increase of surfactant's adsorptive property, the aquatic toxicity in hard freshwater or seawater would be decreased by the addition of adsorbent, because the surfactant with high adsorptive property would be greatly adsorbed on the adsorbent and the bulk concentration of the surfactant would be decreased greatly.
In this paper, therefore, we studied the effect of adsorbent on the aquatic toxicity of surfactant under the condition of different water hardness and/or salinity. SO 4 , and 25mg of NaHCO 3 in 1L of distilled water. The freshwater with different hardness was prepared keeping the same composition of the four salt species as the above test water.
Artificial seawater was prepared by dissolving seven kinds of inorganic salts in distilled water. The test water of 34 salinity, which is used as the standard water in this paper, was prepared by dissolving 23.476 g of NaCl, 3.917 g of Na 2 SO 4 , 0.664 g of KCl, 0.096 g of KBr, 4.981 g of MgCl 2 , 0.192 g of NaHCO 3 , and 1.102 g of CaCl 2 in 1 L of distilled water. The four kinds of seawater with different salinity were prepared and converted to CaCO 3 concentration as follows : 3.4 = 319 ppm, 17 = 1596 ppm, 34 = 3191 ppm, 68 = 6382 ppm.
2.2.1 Daphnia magna
D. magna was bred in dechlorinated tap water at 18 22 using Chlorella (V12, Chlorella industry Co.) as a feed. Larval organisms born within the last 24 h were used for toxicity test.
Toxicity test was performed according to JIS K0229 (1992), "Testing methods for determination of the inhibition of the mobility of Daphnia by chemicals". At first, 9.5 mL of test water and test surfactant samples were poured in a 20 mL volumetric glass test tube. Then five test organisms were transferred into the test tube using Pasteur pipette, and distilled water was added to 10 mL marked line. Four test tube samples were used in each condition. EC 50 was determined graphically by plotting the immobilization rates after 24 h against the surfactant concentration.
Artemia salina
A. salina was incubated from its eggs (Tetra, Brine shrimp eggs) in artificial seawater at 28 for 24 h after adding the eggs into the seawater. Larval organisms born within the last 24 h were used for toxicity test.
Toxicity test was performed similarly to the case of D. magna except for the evaluation by LC 50 . The number of living and dead individuals was counted after 48 h. LC 50 was determined graphically by plotting the death ratio as a function of the surfactant concentration.
3
EZ-Pi (KIBRON Inc., Wilhelmy balance method) was used for the measurements of surface tension of test solutions. The solution temperature was controlled at 20-22 , and the test solution was left for more than 30 min before measurements. The measurements were repeated six times for each condition, and the mean values were plotted in the figures shown below.
When the effect of adsorbent was studied, 0.1 g or 0.4 g of kaolin was added to a 10 mL test tube containing 10 mL of the test solution, and the mixture was stirred by a test tube mixer (NS-80, Pasolina) for 1 min and left for 30 min to 48 h before measurements.
Toxic surface tension, g tox , which was proposed in the previous paper 5) , is also used in this paper as the surface tension value of the surfactant solution at which the acute aquatic toxicity (LC 50 or EC 50 ) emerges.
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Several methods to remove the adsorbent from the mixture of surfactant solution and adsorbent were examined since there is the possibility that living organism is killed in massive kaolin. Surface tension was measured before and after the kaolin removing process to confirm whether the surface activity is affected or not by the removing process. We tried to remove kaolin by filtration and centrifugal separation.
The filtration was conducted by using glass fiber filter (Pall Co., LTD., Type A/E 1 mm, 47 mm), and the surface tension before and after the filtration was measured.
The separation was tried with centrifugal instrument (HSIANGTAI CN-820, MAX 3000 rpm.) using centrifuge tubes and round-bottom test tubes. The centrifugation was conducted for 5 min at the speed of about 1500 rpm and the surface tension was measured before and after the centrifugal process.
RESULTS AND DISCUSSION

1
Surface tension curves of LAS solution in freshwater with different hardness are shown in , where the effect of adsorbent is also presented. With increasing the water hardness, the surface tension curve shifts toward left side, and critical micelle concentration decreases; this result is in accordance with our previous finding 5) . However, by the addition of kaolin in the test solutions, the surface tension curve is shifted to right side. This result shows that the addition of adsorbents decreases the surface activity of surfactants.
A remarkable phenomenon observed in this experiment is that the effect of water hardness on surface tension disappears when adsorbent is added. Four surface tension curves obtained by adding the same amount of adsorbent into test solution with different hardness overlap with each other. The measurements were conducted at two load level of the adsorbent; 0.1 g and 0.4 g of kaolin in 10 mL of sur-factant solution. The curve of 0.4 g addition shifts to right side more pronouncedly than the case of 0.1 g addition, while the dependence of surface tension on the water hardness disappears in both cases of 0.1 g and 0.4 g addition of the adsorbent. These results indicate that the decrease of surface activity of LAS solution caused by adsorbent becomes more remarkable with the increase in water hardness.
2
Surface tension curves of LAS solution in seawater with different salinity are shown in together with the adsorbent effect on the surface tension curve. Salinity was adjusted from 3.4 to 68 and 0.1 g or 0.4 g of kaolin was added to the solution. As can be seen in , the surface tension curve shifts to left side, and the critical micelle concentration decreases with the increase in the salinity. On the other hand, with the increase in the amount of kaolin, the surface tension curve shifts to right side more and more, and the effect of the salinity on surface tension disappears. These results are similar to those obtained with freshwater.
3.3.1 Filtration
The surface tension curves before and after filtration of 34 seawater including 0.75 g of kaolin are shown in . The two curves correspond with each other in the concentration range higher than 50 mg/L of LAS. However, a large difference emerged between the two curves below 50 mg/L of LAS. This phenomenon would have occurred due to desorption of LAS from kaolin particles during the passing of the solution through glass filter. Therefore, filtration process was not adopted to remove the adsorbent from mixture of surfactant solution and kaolin, even though the adsorption of LAS on the filter is negligibly small.
Centrifugal separation with centrifuge tubes
The surface tension curves before and after centrifugal separation of 34 seawater with 0.1 g of kaolin using centrifuge tubes are shown in . The two curves overlap with each other in the concentration range higher than 30 mg/L of LAS. However, a difference appears between the two curves at the concentration lower than 30 mg/L of LAS. This phenomenon would be attributed to rather poor adsorption of LAS on kaolin particles caused by the shape of centrifuge tube. Once kaolin particles are put into a centrifuge tube, kaolin particles sink down to the bottom trap dip and can not be sufficiently stirred by the test tube 
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mixer. Therefore, centrifugation using centrifuge tube with dip is not suitable for the removal of the adsorbent.
Centrifugal separation with round bottom test tubes
Subsequently, we tried centrifugal separation with a round bottom test tube, because we observed that the stirring can be sufficiently performed by using a round bottom tube.
shows the results obtained for 34 standard seawater containing 0.1 g or 0.4 g of kaolin. It can be observed that the surface tension curves of LAS solution before and after the centrifugal separation correspond with each other. We conducted an additional test for freshwater and obtained the similar results which shows a good correspondence of surface tension curves before and after the centrifugal separation. Therefore, we concluded that centrifugal separation with a round bottom test tube can be used to remove kaolin from the mixture of surfactant solution and kaolin without affecting the surfactant's activity and toxicity. And hence, in this study, we applied this method to remove kaolin from the mixed solution.
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Effect of the addition of adsorbent on aquatic toxicity was studied by conducting acute toxicity test after centrifugal separation with round bottom tubes. The toxicity values of LAS in freshwater with different hardness are shown in for the cases with and without kaolin. In the absence of kaolin, the toxicity value (EC 50 ) decreases with the increase in water hardness. On the other hand, the toxicity values are constant in the presence of kaolin; i.e., kaolin eliminates the effect of water hardness on the aquatic toxicity of LAS.
The toxicity values of LAS in seawater with different hardness are shown in for the cases with and without kaolin. As can be seen in this figure, the toxicity value (LC 50 ) decreases with the increase in water hardness in the absence of kaolin, while the toxicity values are constant and the effect of water hardness is not observed in the presence of kaolin. These results correspond to the case in freshwater. An interesting phenomenon observed in is that the difference between the surface tension curves of the seawater and the freshwater is reduced by the addition of adsorbent. In addition, the large difference in toxicity values between freshwater and seawater, which can be expected from the surface tension behavior, also becomes small in the presence of adsorbent.
The reason of these phenomena could be explained by the change of adsorptive property of surfactants. If surfactant molecule like LAS exists in hard freshwater or seawater, the adsorptive ability of the surfactant would increase and the ratio of surfactant adsorbed on the adsorbent would increase greatly. We can suppose that the bulk concentration of the surfactant would decrease in such conditions, and hence, the interfacial activity would decrease. 34 seawater was used as dilution water and 10 mL of LAS solution containing kaolin was subjected to centrifugal separation.
That is to say, the amount of surfactant molecules which can attack the living organisms is decreased by the presence of adsorbent such as kaolin.
CONCLUSION
Aquatic toxicity tests of chemicals have been widely conducted at laboratorial scale, in which living organisms are put into a glass vessel filled with test water and the toxicity is evaluated. However, little attention has so far been paid to the existence of adsorbent. Surfactant is a typical material which is affected by the existence of adsorbent. Therefore, risk assessment of surfactants is desirable to be performed considering the effect of the existence of adsorbent in natural water environment.
In this paper, we clarified the fact that the existence of adsorbent greatly decreases aquatic toxicity of LAS, especially in hard freshwater or seawater. The strong toxicity of LAS in seawater often causes confusion in risk assessment on surfactants. Our study shows that laboratorial toxicity test for LAS in seawater tends to indicate higher 
